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/H&RQWH KDV EHFRPH D VHULRXV SHVW RI FXOWLYDWHG
VXQIORZHUV 3KLOLSV HW DO  5RJHUV  DQG
VR\EHDQV )DOWHU  +DWFKHWW HW DO 
&DPSEHOO DQG YDQ 'X\Q  LQ WKH $PHULFDQ
PLGZHVW 2ULJLQDOO\ GHVFULEHG IURP WKH ZLOG
VXQIORZHU Helianthus annuus /H&RQWH  WKH
QDWXUDO KRVW SODQWV RI D. texanus DUH ZHHGV VXFK
DV Ambrosia DQG Xanthium VSS &RPSRVLWDH
+DWFKHWW HW DO  PDNLQJ LWV SHVW VWDWXV LQ
VR\EHDQV VRPHZKDW DQRPDORXV <LHOG ORVVHV LQ
ERWK FURSV DULVH ZKHQ VWDONV RI PDWXUH SODQWV DUH
JLUGOHG IURP WKH LQWHULRU E\ ODUYDH LQ SUHSDUDWLRQ
IRU RYHUZLQWHULQJ FDXVLQJ SODQWV WR ORGJH HLWKHU
SULRUWRRUGXULQJKDUYHVW
7KHUH LV RQO\ RQH JHQHUDWLRQ SHU \HDU DQG
ODWHLQVWDU ODUYDH RI D. texanus RYHUZLQWHU LQ WKH
VWXEEOH RI WKHLU KRVW SODQWV $GXOW EHHWOHV HPHUJH
RYHU DQ H[WHQGHG SHULRG IURP ODWH VSULQJ WR
PLGVXPPHU DQG IHPDOHV EHJLQ WR OD\ HJJV DW
DERXW WZR ZHHNV RI DJH &URRN HW DO 
0LFKDXG DQG *UDQW  /LWWOH LV NQRZQ RI WKH
UDQJH RI DGXOW GLVSHUVDO EXW LQVHFWV OLNHO\ PRYH
RQO\ DV IDU DV QHFHVVDU\ WR ILQG VXLWDEOH IRRG
SODQWV 0LFKDXG DQG *UDQW  )HPDOH IHHGLQJ
EHKDYLRU LV VWURQJO\ FRUUHODWHG ZLWK HJJ OD\LQJ
0LFKDXG DQG *UDQW  DQG RYLSRVLWLRQ
SXQFWXUHV DUH QRUPDOO\ LQLWLDWHG LQ IHHGLQJ VFDUV
+DWFKHWW HW DO  (JJV DUH ODLG LQ WKH OHDI
SHWLROHV +DWFKHWW HW DO  DQG KDWFKLQJ ODUYDH
ERUH GRZQ WKH SHWLROH LQWR WKH FRUH RI WKH PDLQ
VWDON ZKHUH WKH\ IHHG RQ WKH SLWK ,Q VR\EHDQ WKLV
EHKDYLRU OHDGV WR SUHPDWXUH OHDI VHQHVFHQFH DQG
LQIHVWHG SODQWV FDQ EH LGHQWLILHG HDUO\ LQ WKH
VHDVRQ E\ WKH SUHVHQFH RI ZLOWHG OHDYHV 7KHUH LV
QR WHQGHQF\ IRU IHPDOHV WR DYRLG SUHYLRXVO\
DWWDFNHG SODQWV DQG PXOWLSOH HJJV DUH RIWHQ ODLG
E\ D VLQJOH IHPDOH LQ WKH VDPH SODQW RU HYHQ WKH
VDPH SHWLROH +DWFKHWW HW DO  0LFKDXG DQG
*UDQW  /DUYDH DUH KLJKO\ DJJUHVVLYH WRZDUG
FRQVSHFLILFV DQG HOLPLQDWH RQH DQRWKHU E\ FRPEDW
XQWLO W\SLFDOO\ RQO\ RQH ODUYD UHPDLQV LQ D SODQW E\
VHDVRQ¶V HQG $V WKH VWDON GULHV GRZQ WKH ODUYD
PRYHV WR WKH EDVH RI WKH SODQW SUHSDUHV DQ
RYHUZLQWHULQJ FKDPEHU DQG WKHQ JLUGOHV WKH EDVH
RI WKH VWDON DERYH WKH FKDPEHU EHIRUH SOXJJLQJ
WKHVWDONFDYLW\ZLWKVKUHGGHGILEHUV
0LFKDXG DQG *UDQW  VKRZHG WKDW D.
texanus IHPDOHV SUHIHUUHG FXOWLYDWHG VXQIORZHU WR
VR\EHDQ IRU ERWK IHHGLQJ DQG RYLSRVLWLRQ DQG WKDW
VR\EHDQ DSSHDUV WR EH D UHODWLYHO\ LQIHULRU KRVW
SODQW IRU ERWK ODUYDH DQG DGXOWV OHDGLQJ WR
VLJQLILFDQWO\ UHGXFHG SXSDO ZHLJKW DQG VKRUWHU
DGXOW OLIH 6LQFH FXOWLYDWHG VXQIORZHU ILHOGV LQ WKH
+LJK 3ODLQV IUHTXHQWO\ KDYH  RU PRUH RI
SODQWV LQIHVWHG E\ D. texanus LW ZDV RI LQWHUHVW WR
NQRZ ZKHWKHU RU QRW WKH ERULQJ GDPDJH GRQH E\
ODUYDH KDG DQ LPSDFW RQ WKH SURGXFWLYLW\ DQG \LHOG
RI VXQIORZHU SODQWV LQGHSHQGHQW RI WKH ORVVHV
DWWULEXWDEOH WR ORGJLQJ RI JLUGOHG SODQWV ,Q
VXQIORZHUV JURZQ IRU WKH FRQIHFWLRQ PDUNHW
SUHPLXPV DUH SDLG IRU ODUJH VHHG VL]H ZKHUHDV LQ
WKH RLOVHHG PDUNHW SUHPLXPV DUH SDLG IRU KLJK RLO
FRQWHQW 7KH SUHVHQW VWXG\ ZDV LQLWLDWHG ZLWK WKH
REMHFWLYH RI PHDVXULQJ VXQIORZHU VHHG \LHOGV RQ D
SHUSODQW EDVLV WR GHWHUPLQH ZKHWKHU RU QRW D.
texanus ODUYDO ERULQJ DIIHFWHG SODQW SURGXFWLYLW\
LQ WHUPV RI HLWKHU WRWDO VHHG ZHLJKW VHHG VL]H RU
RLO FRQWHQW 9DULRXV LQVHFWLFLGH WUHDWPHQW UHJLPHV
ZHUH DSSOLHG ZLWK WKH REMHFWLYH RI JHQHUDWLQJ D
VHULHV RI SODQWV ZLWK DQG ZLWKRXW D. texanus
ODUYDH DQG WKHQ SURWHFWLQJ WKH \LHOG RI WKHVH
SODQWV IURP RWKHU VRXUFHV RI GDPDJH XQWLO KDUYHVW
+RZHYHU RWKHU VSHFLHV RI &ROHRSWHUD DQG
/HSLGRSWHUD DOVR FDXVH ERULQJ GDPDJH WR
VXQIORZHU VWDONV LQ WKH DUHD RI WKLV UHVHDUFK
SRWHQWLDOO\ FRQIRXQGLQJ PHDVXUHPHQWV RI D.
texanus \LHOG LPSDFW 3ULPDU\ DPRQJ WKHVH DUH
WKH VXQIORZHU VWHP ZHHYLO Cylindrocopturus
adspersus /H&RQWH WKH VXQIORZHU URRW PRWK
Pelochrista womanana .HDUIRRW DQG WKH
WXPEOLQJ IORZHU EHHWOH Mordellistena VSS
)RUWXQDWHO\ WKHVH VSHFLHV DUH DOO HIIHFWLYHO\
FRQWUROOHG E\ LQVHFWLFLGH WUHDWPHQWV WKDW DUH IDU
OHVVHIIHFWLYHDJDLQVW D. texanus
Materials and Methods
([SHULPHQWV ZHUH FRQGXFWHG DW .DQVDV 6WDWH
8QLYHUVLW\ $JULFXOWXUDO 5HVHDUFK &HQWHU +D\V
.6  ᓉ1  ᓉ: RQ D FUHWH VLOW\ FOD\ ORDP
VRLO  VDQG  VLOW DQG  FOD\ ZLWK S+
 DQG  RUJDQLF PDWWHU 7KH FRQIHFWLRQ
K\EULG XVHG ZDV 7ULXPSK F DQG WKH RLOVHHG
YDULHW\ ZDV D 1XVXQ K\EULG 7ULXPSK  ,Q HDFK
\HDU RI WKH VWXG\ D ILHOG RI  KHFWDUHV ZDV
SODQWHG µQRWLOO¶ ZLWK HDFK K\EULG YDULHW\ XVLQJ D
-RKQ 'HHUH SODWHG SODQWHU DW D  FP URZ VSDFLQJ
$OO ILHOGV ZHUH IDOORZ WKH \HDU SULRU WR SODQWLQJ
VXQIORZHUV 3ULRU WR SODQWLQJ ILHOGV ZHUH IHUWLOL]HG
ZLWK  NJV 1 SHU DFUH LQ WKH IRUP RI DQK\GURXV
DPPRQLXP DQG WKHQ JLYHQ D SUHHPHUJHQW
KHUELFLGH WUHDWPHQW RI  /  KD 6PHWRODFKORU
'XDO ,, 0DJQXP 6\QJHQWD &URS 3URWHFWLRQ ,QF
ZZZV\QJHQWDFRP DQG  /  KD
VXOIHQWUD]RQH 6SDUWDQ ') )0& &RUS
ZZZIPFFRP )ROORZLQJ VHHGOLQJ HPHUJHQFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SODQWV ZHUH KDQGWKLQQHG WR D GHQVLW\ RI
DSSUR[LPDWHO\  VWHPV  KD FRQIHFWLRQ RU
 VWHPV  KD RLOVHHG ,Q  ERWK ILHOGV
ZHUH SODQWHG RQ  0D\ DQG HPHUJHQFH ZDV QRWHG
RQ  0D\ 6HHGOLQJ GHVWUXFWLRQ E\ EODFNWDLOHG
MDFN UDEELWV Lepus californicus UHGXFHG SODQW
SRSXODWLRQ WR FD  VWHPV  KD LQ WKH
FRQIHFWLRQ ILHOG 7KH VWDQG LQ WKH RLOVHHG ILHOG ZDV
VR SRRU WKDW LW KDG WR EH UHSODQWHG RQ  -XQH ,Q
 D UDEELW FRQWURO SURJUDP ZDV LQLWLDWHG LQ
$SULO DQG VHHGOLQJ ORVVHV ZHUH PLQLPDO ,Q RUGHU
WR DFKLHYH VLPLODU SODQWLQJ GDWHV IRU HDFK FXOWLYDU
IRU WKH WZR \HDUV WKH FRQIHFWLRQ K\EULG ZDV
SODQWHG RQ 0D\  DQG WKH RLOVHHG K\EULG RQ -XQH
 7KHUH ZDV VXIILFLHQW PRLVWXUH IRU SURPSW
JHUPLQDWLRQ LQ ERWK FDVHV :HDWKHU GDWD ZDV
REWDLQHG IRU ERWK JURZLQJ VHDVRQV IURP WKH .68
$5&+ ZHDWKHU VWDWLRQ ORFDWHG ZLWKLQ P RI WKH
H[SHULPHQWDOILHOGV
7KH H[SHULPHQW ZDV ODLG RXW LQ D FRPSOHWHO\
UDQGRPL]HG GHVLJQ ZLWK ILYH UHSOLFDWLRQV RI HDFK
WUHDWPHQW :KHQ SODQWV UHDFKHG WKH ± OHDI
VWDJH D VHULHV RI  WHVW SORWV ZHUH VWDNHG RXW LQ
HDFK ILHOG (DFK WHVW SORW FRQVLVWHG RI D VHFWLRQ RI
D URZ ZLWK  SODQWV RU LQ VRPH FDVHV WZR
DGMDFHQW URZV ZLWK  SODQWV LQ HDFK 3ORWV ZHUH
UDQGRPO\ DVVLJQHG WR RQH RI WKUHH WUHDWPHQWV
&RQWURO QR LQVHFWLFLGH DSSOLHG ƪF\KDORWKULQ
:DUULRU ZLWK =HRQ WHFKQRORJ\ 6\QJHQWD DSSOLHG
WZLFH DV D IROLDU VSUD\ DW WKH HTXLYDOHQW RI  /
 KD RQFH DW WKH OHDI VWDJH 9 DQG DJDLQ DW
WKHOHDI VWDJH 9 DQG FDUERIXUDQ )XUDGDQ
) )0& DSSOLHG WZLFH DV D VRLO GUHQFK DW WKH
HTXLYDOHQW RI  /  KD RQFH DW 9 DQG DJDLQ DW
9 ,Q  DQ DGGLWLRQDO WUHDWPHQW ZDV DGGHG
LQ WKH FRQIHFWLRQ ILHOG ZKLFK FRQVLVWHG RI WKUHH
VRLO GUHQFKHV RI WKH IXQJLFLGH WKLRSKDQDWH PHWK\O
) &OHDU\ &KHPLFDO &RUS
ZZZFOHDU\FKHPLFDOFRP DW D UDWH HTXLYDOHQW WR
 /  KD RQFH HDFK DW 9 9 DQG IORZHU EXG
LQLWLDWLRQ5
$W EORRP DOO IORZHU KHDGV LQ WHVW SORWV ZHUH
GXVWHG ZLWK D Bacillus thuringensis IRUPXODWLRQ
'LSHO 'XVW 6RXWKHUQ $JULFXOWXUDO ,QVHFWLFLGHV
,QF ZZZVRXWKHUQDJFRP HYHU\ WKUHH GD\V WR
SURWHFW DJDLQVW VHHG GDPDJH E\ VXQIORZHU PRWK
Homoeosoma ellectulum +XOVW ZKLOH VSDULQJ
K\PHQRSWHURXV SROOLQDWRUV $W WKLV WLPH D VHULHV
RI  SODQWV LQ HDFK WHVW SORW ZHUH VHOHFWHG IRU
FRQWLQXHG SURWHFWLRQ IURP VHHGGDPDJLQJ SHVWV
KHQFHIRUWK UHIHUUHG WR DV µSURWHFWHG \LHOG¶ SODQWV
)ODJJLQJ WDSH ZDV XVHG WR WDJ WKH KHDG DQG VWDON
RI HDFK VHOHFWHG SODQW ZLWK D QXPHULFDO FRGH
LQGLFDWLQJ WUHDWPHQW SORW DQG SODQW QXPEHU $W
SHWDO IDOO HDFK VHOHFWHG IORZHU KHDG ZDV FRYHUHG
ZLWK D EURZQ SDSHU EDJ VHFXUHG ZLWK VWDSOHV WR
SUHYHQW VHHG ORVV WR ELUG SUHGDWLRQ 2QFH SODQWV
UHDFKHG SK\VLRORJLFDO PDWXULW\ KHDGV ZHUH
KDUYHVWHG LQ WKHLU EDJV DQG GULHG LQ DQ RYHQ DW 
& IRU D SHULRG RI ± GD\V +DUYHVW GDWHV ZHUH
 6HSWHPEHU DQG  6HSWHPEHU  DQG 
6HSWHPEHU DQG  6HSWHPEHU  IRU
FRQIHFWLRQ DQG RLO FXOWLYDUV UHVSHFWLYHO\ 7KH
VWDONV RI SURWHFWHG SODQWV LQFOXGLQJ WKH URRWV
ZHUH WKHQ XSURRWHG DQG EURXJKW WR WKH ODERUDWRU\
ZKHUH HDFK VWDON ZDV PHDVXUHG IRU EDVDO
FLUFXPIHUHQFH DW VRLO OHYHO DQG WKHQ FDUHIXOO\
GLVVHFWHG WR LGHQWLI\ DQG WDOO\ DOO WKH VWDONERULQJ
LQVHFWODUYDH
$IWHU FRPSOHWLRQ RI WKH GU\LQJ SURFHVV IORZHU
KHDGV ZHUH UHPRYHG IURP EDJV PHDVXUHG
YHUWLFDOO\ DQG KRUL]RQWDOO\ WR HVWLPDWH IORZHU
GLDPHWHU DQG WKHQ WKUHVKHG LQGLYLGXDOO\ XVLQJ DQ
LPSURYLVHG PHFKDQLFDO VLQJOHKHDG WKUHVKLQJ
PDFKLQH 7KH VHHG ZDV FOHDQHG DQDO\]HG IRU
PRLVWXUH FRQWHQW XVLQJ D *UDLQ $QDO\WLFDO
&RPSXWHU *$&  'LFNH\ -RKQ &RUS
ZZZGLFNH\MRKQFRP DQG WKHQ ZHLJKHG RQ DQ
DQDO\WLFDO EDODQFH $ VDPSOH RI 
UDQGRPO\VHOHFWHG VHHGV ZDV WKHQ FRXQWHG RXW
DQG ZHLJKHG WR SURYLGH DQ HVWLPDWLRQ RI VHHG VL]H
$OO VHHG ZHLJKWV ZHUH FRUUHFWHG IRU PRLVWXUH
FRQWHQW SULRU WR DQDO\VLV 6XEVDPSOHV RI  PO
ZHUH WDNHQ IURP HDFK RLOVHHG IORZHU KHDG DQG
SODFHG LQ D ODEHOHG HQYHORSH IRU VXEVHTXHQW
GHWHUPLQDWLRQ RI RLO FRQWHQW E\ QXFOHDU PDJQHWLF
UHVRQDQFH*DPEKLUDQG$JDUZDOD
,Q  PHDVXUHPHQWV ZHUH PDGH RI VWDON
VWUHQJWK RQ WKH SODQWV UHPDLQLQJ LQ DOO WHVW SORWV
RQ WKH GD\ DIWHU KDUYHVW RI SURWHFWHG \LHOG SODQWV
7KLV ZDV DFFRPSOLVKHG ZLWK D GLJLWDO IRUFH JDXJH
)*(; 'DUW 6KLPSR ,QVWUXPHQWV
ZZZVKLPSRLQVWFRP DWWDFKHG WR D  JDXJH ZLUH
ORRSHG DURXQG WKH VWDON DW D KHLJKW RI  FP
)RUFH ZDV DSSOLHG WR WKH ZLUH ORRS XQWLO WKH VWDON
EURNH ZKHUHXSRQ WKH SHDN IRUFH ZDV UHFRUGHG
DQG WKH FLUFXPIHUHQFH RI WKH VWDON PHDVXUHG
EDVDOO\ DW WKH SRLQW RI EUHDNDJH 6LQFH VWDON
EUHDNDJH IRUFH GHPRQVWUDWHV D SRVLWLYH OLQHDU
UHODWLRQVKLS ZLWK VWDON FLUFXPIHUHQFH IRUFH
PHDVXUHPHQWV ZHUH GLYLGHG E\ EDVDO
FLUFXPIHUHQFH LQ RUGHU WR JHQHUDWH D YDOXH RI IRUFH
SHU XQLW EDVDO FLUFXPIHUHQFH KHQFHIRUWK UHIHUUHG
WR DV WKH µDGMXVWHG VWDON EUHDNDJH IRUFH¶ VR WKDW
VWDON VWUHQJWK FRXOG EH FRPSDUHG DPRQJ




JLUWK 6LQFH VRPH SODQWV KDG EHHQ JLUGOHG E\ D.
texanus DQG RWKHUV QRW WKH SUHVHQFH  DEVHQFH RI
JLUGOLQJ LQ WKH VWDON ZDV DOVR QRWHG ,Q WKH RLOVHHG
ILHOG PDQ\ JLUGOHG SODQWV KDG ORGJHG VR WKH
SURSRUWLRQ RI ORGJHG SODQWV ZDV WDOOLHG LQ DOO SORWV
'DWD RQ UDWHV RI D. texanus LQIHVWDWLRQ IURP WKH
SURWHFWHG \LHOG SODQWV ZHUH XVHG LQ HDFK SORW WR
HVWLPDWH WKH SURSRUWLRQV RI D. texanus ODUYDH WKDW
KDGJLUGOHGWKHLUSODQWVSULRUWRKDUYHVW
'DWD IRU LQVHFWV DQG FRPSRQHQWV RI \LHOG ZHUH
DQDO\]HG IRU HIIHFWV RI WUHDWPHQW VHSDUDWHO\ IRU
HDFK K\EULG XVLQJ 3URF */0 6$6 ,QVWLWXWH 
IROORZHG E\ 7XNH\¶V KRQHVWO\ VLJQLILFDQW GLIIHUHQW
+6' WHVW Ơ   IRU VHSDUDWLRQ RI PHDQV
)RU HDFK K\EULG LQ HDFK \HDU SODQWV ZHUH WKHQ
JURXSHG DFFRUGLQJ WR SUHVHQFHDEVHQFH RI D.
texanus ODUYDH DQG FRPSDUHG IRU FRPSRQHQWV RI
\LHOG XVLQJ µWUHDWPHQW¶ DQG µSORW¶ DV IL[HG IDFWRUV
5HJUHVVLRQ DQDO\VHV ZHUH WKHQ XVHG WR WHVW
UHODWLRQVKLSV EHWZHHQ IORZHU GLDPHWHU VWDON
FLUFXPIHUHQFH DQG YDULRXV FRPSRQHQWV RI \LHOG
$ Ƶ JRRGQHVV RI ILW WHVW ZDV XVHG WR FRPSDUH




7KH VXPPHU RI  ZDV VXEVWDQWLDOO\ FRROHU
WKDQ WKDW RI  )LJXUH  $OWKRXJK WKH WZR
\HDUV KDG VLPLODU WRWDO UDLQIDOO E\ HQG RI
6HSWHPEHU WKH JURZLQJ VHDVRQ RI  EHJDQ
ZLWK PXFK GULHU FRQGLWLRQV LQ VSULQJ EXW UHFHLYHG
PRUH WKDQ WZLFH WKH UDLQIDOO GXULQJ -XQH DQG -XO\
WKDQ LQ  )LJ  WKH WZR PRQWKV GXULQJ
ZKLFKVXQIORZHUVDFKLHYHPRVWRIWKHLUJURZWK
7KH FRQIHFWLRQ ILHOG HVWDEOLVKHG DOPRVW RQH
PRQWK HDUOLHU WKDQ WKH RLOVHHG ILHOG ZDV VHYHUHO\
VWUHVVHG E\ D VWURQJ ZLQG VWRUP RQ  -XO\ 
WKDW VQDSSHG RII VRPH SODQWV DQG OHIW PDQ\ RWKHUV
O\LQJ SURVWUDWH RQ WKH JURXQG 6XUYLYLQJ SODQWV
ZHUH SURYLGHG VSHFLDO FDUH VWDONV DQG KHDGV ZHUH
VXSSRUWHG RII WKH VRLO XQWLO PDWXULW\ DQG PRVW
\LHOGHG ZHOO EXW LW ZDV LPSRVVLEOH WR HVWLPDWH WKH
\LHOG LPSDFW RI WKLV ZLQG GDPDJH WKDW RFFXUUHG DW
D WLPH ZKHQ PRVW SODQWV ZHUH LQ IXOO EORRP ,Q
FRQWUDVW WKH ODWHUSODQWHG RLOVHHG IORZHUV ZHUH
VWLOO LQ YHJHWDWLYH VWDJHV GXULQJ WKH VWRUP DQG






7KH UDWH RI LQIHVWDWLRQ RI FRQWURO RLOVHHG SODQWV E\
D. texanus ZDV VLJQLILFDQWO\ KLJKHU LQ  WKDQ
LQ  F    GI    P    EXW
WKHUH ZDV QR GLIIHUHQFH EHWZHHQ \HDUV IRU
FRQIHFWLRQ SODQWV F    GI    P  
 3DWWHUQV RI D. texanus LQIHVWDWLRQ DFURVV
SHVWLFLGH WUHDWPHQWV DUH GHSLFWHG LQ )LJ  7KHUH
ZHUH VLJQLILFDQW GLIIHUHQFHV DPRQJ WUHDWPHQWV LQ
UDWH RI LQIHVWDWLRQ LQ RLOVHHG SODQWV LQ ERWK 
F    GI    P   DQG  F  
 GI    P   +RZHYHU
WUHDWPHQW GLIIHUHQFHV ZHUH QRW VLJQLILFDQW IRU
FRQIHFWLRQ SODQWV LQ  F    GI    
Figure 3(IIHFWRIYDULRXVSHVWLFLGHWUHDWPHQWVRQPHDQSHUFHQWDJHV6(0RIRLOVHHGDQGFRQIHFWLRQ
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P    7KH ODUJHU FHUDPE\FLG Ataxia
hubbardi )LVKHU ZKLFK DOVR ERUHV WKH FHQWUDO SLWK
FRUH RI VWDONV LQIHVWHG   DQG  SHUFHQW
RI SODQWV LQ WKH FRQWURO ƪF\KDORWKULQ DQG
FDUERIXUDQ WUHDWPHQWV UHVSHFWLYHO\ 7KLV VSHFLHV
ZDV QRW REVHUYHG LQ RLOVHHG SODQWV LQ HLWKHU \HDU
EXW LV NQRZQ WR EH PRUH DJJUHVVLYH WKDQ D.
texanus LQ ODUYDO FRPEDW 0LFKDXG DQG *UDQW
 $OWKRXJK WKH WUHDWPHQWV GLG QRW
VLJQLILFDQWO\ DIIHFW LQIHVWDWLRQ E\ A. hubbardi LQ
 F    GI    P    LW LV
OLNHO\ WKDW VRPH ODUYDH RI D. texanus ZHUH
HOLPLQDWHG IURP FHUWDLQ SODQWV E\ WKLV VSHFLHV
HDUOLHULQWKHVHDVRQ
7KHUH ZHUH VLJQLILFDQW HIIHFWV RI WUHDWPHQW RQ
LQIHVWDWLRQ E\ D. texanus LQ FRQIHFWLRQ VXQIORZHUV
LQ  F    GI    P   7KH
SHUFHQWDJH RI SODQWV ZLWK D. texanus ODUYDH ZDV
VLPLODU LQ FRQWURO DQG WKLRSKDQDWH PHWK\O
WUHDWPHQWV EXW WKH ƪF\KDORWKULQ DQG FDUERIXUDQ
WUHDWPHQWV VLJQLILFDQWO\ UHGXFHG D. texanus
LQIHVWDWLRQ )LJXUH  7UHDWPHQW DOVR DIIHFWHG
LQIHVWDWLRQ UDWH E\ A. hubbardi LQ 
F    GI    P   FRQWURO DQG
WKLRSKDQDWH PHWK\O WUHDWPHQWV DYHUDJHG PRUH
ODUYDH SHU SODQW    DQG   
UHVSHFWLYHO\ WKDQ WKH ƪF\KDORWKULQ   
RUFDUERIXUDQWUHDWPHQWV
,QIHVWDWLRQ RI RLOVHHG SODQWV E\ RWKHU VWHPERULQJ
LQVHFWV ZDV UHODWLYHO\ ORZ LQ ERWK \HDUV RI WKH
H[SHULPHQW ,Q  FRQWURO SODQWV FRQWDLQHG DQ
DYHUDJH RI    ODUYDH RI C. adspersus  
 ODUYDH RI Mordellistena VSS DQG  ODUYDH
RI P. womanana 1R ODUYDH RI WKHVH LQVHFWV ZHUH
IRXQG LQ SODQWV UHFHLYLQJ HLWKHU RI WKH LQVHFWLFLGH
WUHDWPHQWV ,Q  RLOVHHG FRQWURO SODQWV
FRQWDLQHG DQ DYHUDJH RI    C. adspersus
ODUYDH    Mordellistena VSS ODUYDH DQG
   P. womanana ODUYDH EXW QR ODUYDH RI
WKHVH VSHFLHV ZHUH IRXQG LQ SODQWV UHFHLYLQJ HLWKHU
RIWKHLQVHFWLFLGHWUHDWPHQWV
,QIHVWDWLRQ RI FRQIHFWLRQ SODQWV E\ YDULRXV
VWDONERULQJ LQVHFWV ZDV VXIILFLHQW WR SHUPLW
VWDWLVWLFDO FRPSDULVRQV DPRQJ WUHDWPHQWV ,Q
 FRQWUROSODQWVFRQWDLQHGDPHDQ RI 
Table 20HDQ6(0YDOXHVIRUFRPSRQHQWVRI\LHOGIRU7ULXPSKFRQIHFWLRQVXQIORZHUSODQWVZLWKDQG
ZLWKRXWERULQJE\ODUYDHRI Dectes texanusRU Ataxia hubbardi
D. texanus or A. hubbardi
Year / Variable absent present F df P
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Dry weight of seed /
flower (gm)
Dry weight of 100
seeds (gm)
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9DOXHVEHDULQJWKHVDPHOHWWHUZHUHQRWVLJQLILFDQWO\GLIIHUHQWZLWKLQFROXPQVP 
 C. adspersus ODUYDH SHU SODQW VLJQLILFDQWO\
PRUH F    GI    P   WKDQ
SODQWV WUHDWHG HLWKHU ZLWK ƪF\KDORWKULQ  
 RU FDUERIXUDQ    &RQWURO SODQWV
DOVR FRQWDLQHG PRUH Mordellistena VS ODUYDH
   WKDQ HLWKHU ƪF\KDORWKULQ RU
FDUERIXUDQWUHDWHG SODQWV    DQG  
 UHVSHFWLYHO\ F    GI    P 
 1R ODUYDH RI P. womanana ZHUH UHFRYHUHG
IURPSODQWVLQDQ\WUHDWPHQW
,Q  FRQIHFWLRQ VXQIORZHUV LQIHVWDWLRQ E\ C.
adspersus ODUYDH DYHUDJHG      
   DQG  ODUYDH SHU SODQW
UHVSHFWLYHO\ LQ FRQWURO ƪF\KDORWKULQ FDUERIXUDQ
DQG WKLRSKDQDWH PHWK\O SODQWV F   
 3   7KHUH ZDV D VLJQLILFDQW
SRVLWLYH UHODWLRQVKLS EHWZHHQ QXPEHUV RI C.
adspersus ODUYDH DQG WRWDO VHHG ZHLJKW RI FRQWURO
SODQWV F    GI    P    U   
DQG WKH EDVDO FLUFXPIHUHQFH RI WKHVH SODQWV F  
 GI    P   U    ,QIHVWDWLRQ
E\ Mordellistena VS DYHUDJHG    
   DQG    ODUYDH SHU SODQW LQ WKH
IRXU WUHDWPHQWV UHVSHFWLYHO\ F    GI  
 P   &RQWURO FRQIHFWLRQ SODQWV
FRQWDLQHG D PHDQ RI    P. womanana
ODUYDH SHU SODQW VLJQLILFDQWO\ PRUH F    GI
   3   WKDQ DQ\ SHVWLFLGH
WUHDWPHQW WKH ODWWHU EHLQJ QRW VLJQLILFDQWO\
GLIIHUHQW IURP RQH DQRWKHU ZLWK    
  DQG    ODUYDH SHU SODQW IRU WKH
ƪF\KDORWKULQ FDUERIXUDQ DQG WKLRSKDQDWH
PHWK\OWUHDWPHQWVUHVSHFWLYHO\
Impact of Dectes texanus on components
of yield
$OWKRXJK FKHPLFDO WUHDWPHQWV UHGXFHG LQIHVWDWLRQ
E\ D. texanus WKH\ GLG QRW JHQHUDWH D OHYHO RI
GLIIHUHQWLDO LQIHVWDWLRQ VXIILFLHQW WR SHUPLW
DQDO\VLV RI \LHOG LPSDFW E\ SORW RU WUHDWPHQW
&RQVHTXHQWO\ SODQWV ZHUH VRUWHG LQWR WZR JURXSV
DFFRUGLQJ WR SUHVHQFHDEVHQFH RI D. texanus
ODUYDH LJQRULQJ WUHDWPHQW XVLQJ SORW DV D IL[HG
IDFWRU $QDO\VLV RI GDWD IRU WKH RLOVHHG K\EULG
UHYHDOHG WKDW SODQWV ZLWK DQG ZLWKRXW D. texanus
ODUYDH ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW ZLWK UHVSHFW
WR DQ\ FRPSRQHQW RI \LHOG LQ HLWKHU  RU 
7DEOH  )RU FRQIHFWLRQ VXQIORZHUV SODQWV
LQIHVWHG E\ A. hubbardi ZHUH LQFOXGHG WRJHWKHU
ZLWK WKRVH LQIHVWHG E\ D. texanus VLQFH ODUYDH RI
ERWK LQVHFWV FDXVH VLPLODU SODQW GDPDJH E\
KROORZLQJ RXW WKH SLWK FRUH RI WKH VWDON GXULQJ WKH
JURZLQJ VHDVRQ 2QFH DJDLQ WKHUH ZDV QR
VLJQLILFDQW HIIHFW RI FHUDPE\FLG LQIHVWDWLRQ RQ DQ\
FRPSRQHQW RI \LHOG LQ HLWKHU \HDU 7DEOH  H[FHSW
WKDW WKH PHDQ ZHLJKW RI  VHHGV IURP SODQWV
FRQWDLQLQJ ODUYDH ZDV VLJQLILFDQWO\ ORZHU WKDQ WKDW
IURP XQLQIHVWHG SODQWV LQ  GHVSLWH D
QRQVLJQLILFDQW WUHQG LQ WKH RSSRVLWH GLUHFWLRQ LQ

Components of yield for oilseed
sunflowers
$OO FRPSRQHQWV RI RLOVHHG \LHOG ZHUH KLJKHU RQ D
SHUSODQW EDVLV LQ  WKDQ LQ  H[FHSW IRU
VHHG ZHLJKW SHU XQLW DUHD RI IORZHU WKDW GLG QRW





Dry weight of seed
/ flower (gm)
Dry weight of 100
seeds (gm)
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9DOXHVEHDULQJWKHVDPHOHWWHUZHUHQRWVLJQLILFDQWO\GLIIHUHQWZLWKLQFROXPQVP 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4 /LQHDUUHJUHVVLRQVRIVHHGRLOFRQWHQWRQIORZHUGLDPHWHULQDDQGEIRU7ULXPSK
VXQIORZHUVJURZQDWWKH$JULFXOWXUDO5HVHDUFK&HQWHU±+D\V
WUHDWPHQWV UHVXOWHG LQ LQFUHDVHG VWDON VL]H
PHDVXUHG DV EDVDO FLUFXPIHUHQFH DQG LQFUHDVHG
\LHOG PHDVXUHG DV GU\ ZHLJKW RI VHHG SHU IORZHU
ZLWKRXW DIIHFWLQJ VHHG VL]H DV HVWLPDWHG E\ ZHLJKW
RI  VHHGV RU RLO FRQWHQW 7KLV \LHOG LQFUHDVH
ZDV DVVRFLDWHG ZLWK DQ LQFUHDVH LQ IORZHU VL]H LQ
WKH ƪF\KDORWKULQ WUHDWPHQW EXW QRW LQ WKH
FDUERIXUDQ WUHDWPHQW ZKHUH LW ZDV DVVRFLDWHG
ZLWK DQ LQFUHDVH LQ IORZHU SURGXFWLYLW\ VHHG
ZHLJKW SHU XQLW DUHD RI KHDG 7KHUH ZHUH QR
VLJQLILFDQW HIIHFWV RI WUHDWPHQW RQ VHHG RLO FRQWHQW
LQ  ,Q  WKH ƪF\KDORWKULQ WUHDWPHQW
DSSHDUHG WR UHGXFH FRPSRQHQWV RI \LHOG
FRPSDUHG WR WKH FDUERIXUDQ DQG FRQWURO
WUHDWPHQWV 7KLV \LHOG UHGXFWLRQ ZDV DFFRPSDQLHG
E\ UHGXFWLRQV LQ IORZHU VL]H ZHLJKW RI  VHHGV
DQG SURGXFWLYLW\ SHU XQLW DUHD RI IORZHU KHDG ,Q
 WKH FDUERIXUDQ WUHDWPHQW LPSURYHG VHHG RLO
FRQWHQW RYHU WKDW REVHUYHG LQ HLWKHU FRQWURO RU
ƪF\KDORWKULQWUHDWHG IORZHUV WKDW GLG QRW GLIIHU
IURPHDFKRWKHU
/LQHDU UHJUHVVLRQ UHYHDOHG WKDW VHHG RLO FRQWHQW
ZDV QHJDWLYHO\ FRUUHODWHG ZLWK IORZHU GLDPHWHU LQ
 F    GI    P   U  
 )LJXUH D DQG WKDW VHHG VL]H DV HVWLPDWHG
E\ ZHLJKW RI  VHHGV H[KLELWHG D SRVLWLYH
UHODWLRQVKLS ZLWK IORZHU GLDPHWHU F    GI  
 3   U    %\ FRQWUDVW LQ
 RLO FRQWHQW H[KLELWHG D VOLJKWO\ SRVLWLYH
UHODWLRQVKLS ZLWK IORZHU GLDPHWHU F    GI  
 P    U    )LJXUH E DQG WKH
UHODWLRQVKLS EHWZHHQ IORZHU GLDPHWHU DQG VHHG
VL]H ZDV QRW VLJQLILFDQW F    GI    P  
 +RZHYHU WKH UHODWLRQVKLS EHWZHHQ IORZHU
GLDPHWHU DQG VWDON FLUFXPIHUHQFH ZDV VWURQJO\
SRVLWLYH LQ ERWK \HDUV  F    GI   
P   U     F    GI   
P U  
Components of yield for confection
sunflowers
$OO FRPSRQHQWV RI \LHOG ZHUH KLJKHU RQ D SHU
SODQW EDVLV IRU FRQIHFWLRQ IORZHUV LQ  WKDQ LQ
 7DEOH D DQG 7DEOH E 7KH VPDOOHU
IORZHUV LQ  UHVXOWHG LQ D JUHDWHU ZHLJKW RI
VHHG SHU XQLW DUHD RI KHDG DOWKRXJK WKH VHHGV
WKHPVHOYHV ZHUH VXEVWDQWLDOO\ VPDOOHU 1HLWKHU






Dry wt. of seed / flower
(gm)
Dry wt. of 100 seeds
(gm)
Seed wt / cm2 flower
(mg)
Basal stalk circumference (cm)Flower diameter (cm)
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9DOXHVEHDULQJWKHVDPHOHWWHUZHUHQRWVLJQLILFDQWO\GLIIHUHQWZLWKLQFROXPQVP 
UHGXFHG E\ ZLQG GDPDJH LQ WKDW \HDU ,Q 
WKH WKLRSKDQDWH PHWK\O WUHDWPHQW SURGXFHG PRUH
ZHLJKW RI VHHG SHU IORZHU WKDQ HLWKHU WKH FRQWURO
RU FDUERIXUDQ WUHDWPHQWV DSSDUHQWO\ DV D UHVXOW RI
JUHDWHU IORZHU SURGXFWLYLW\ PHDVXUHG DV VHHG
ZHLJKW SHU XQLW DUHD RI IORZHU 7KH ƪF\KDORWKULQ
WUHDWPHQW ZDV QRW VLJQLILFDQWO\ GLIIHUHQW IURP DQ\
RWKHU WUHDWPHQW +RZHYHU WKH FRQWURO DQG
ƪF\KDORWKULQ WUHDWPHQWV UHVXOWHG LQ ODUJHU VHHGV
WKDQ HLWKHU WKH FDUERIXUDQ RU WKLRSKDQDWH PHWK\O
WUHDWPHQWV
7KH IORZHU GLDPHWHU RI FRQIHFWLRQ SODQWV ZDV
VWURQJO\ DQG SRVLWLYHO\ FRUUHODWHG ZLWK VHHG VL]H
ZHLJKW RI  VHHGV LQ ERWK  F    GI
   P   U    DQG  F  
 GI    P   U    7KH
UHODWLRQVKLS EHWZHHQ IORZHU GLDPHWHU DQG VWDON
FLUFXPIHUHQFH ZDV DOVR VWURQJO\ SRVLWLYH LQ ERWK
\HDUV  F    GI    P   U  
  F    GI    P   U
 
Girdling, lodging, and stalk breakage
forces
*LUGOHG RLOVHHG VWDONV KDG D PHDQ DGMXVWHG
EUHDNLQJ IRUFH RI    JPFP
FLUFXPIHUHQFH FRPSDUHG WR D PHDQ RI   
JPFP IRU QRQJLUGOHG VWDONV FRUUHVSRQGLQJ WR D
 UHGXFWLRQ LQ VWDON VWUHQJWK 6LPLODUO\
JLUGOHGFRQIHFWLRQ VWDONV KDG D PHDQ DGMXVWHG
VWDON EUHDNDJH IRUFH RI   
JPFPFLUFXPIHUHQFH FRPSDUHG WR D PHDQ RI
   JPFP IRU XQJLUGOHG VWDONV
FRUUHVSRQGLQJ WR D UHGXFWLRQ RI 
&RQVLGHULQJ RQO\ XQJLUGOHG SODQWV WKH FDUERIXUDQ
WUHDWPHQW VLJQLILFDQWO\ LQFUHDVHG WKH DGMXVWHG
VWDON EUHDNDJH IRUFHV IRU ERWK RLOVHHG SODQWV F  
 GI    Ơ   )LJXUH D DQG
FRQIHFWLRQ SODQWV F    GI    Ơ  
)LJXUHE
,Q WKH RLOVHHG ILHOG  RI FRQWURO SODQWV KDG
ORGJHG DQG ZHUH O\LQJ RQ WKH JURXQG E\ GDWH RI
KDUYHVW DV D UHVXOW RI D. texanus JLUGOLQJ 7KLV ZDV
VLJQLILFDQWO\ JUHDWHU WKDQ WKH  ORGJLQJ
REVHUYHG LQ ƪF\KDORWKULQWUHDWHG SODQWV Ƶ  
 P   DQG WKH  ORGJLQJ REVHUYHG LQ
FDUERIXUDQWUHDWHG SODQWV Ƶ    P 
 7KH PHDQ UDWHV RI D. texanus LQIHVWDWLRQ
REWDLQHG IURP SURWHFWHG \LHOG SODQWV LQ WKHVH
WUHDWPHQWV ZHUH XVHG WR HVWLPDWH WKDW  RI
ODUYDH FRPSOHWHG WKH JLUGOLQJ EHKDYLRU LQ FRQWURO
SORWV FRPSDUHG WR  LQ ƪF\KDORWKULQ SORWV
DQG  LQ FDUERIXUDQ SORWV 7KH IUHTXHQF\ RI
JLUGOLQJ LQ QRQORGJHG SODQWV WKDW ZDV XVHG IRU
VWDON EUHDNDJH IRUFH PHDVXUHPHQWV ZDV
GHWHUPLQHG DQG ZHUH VLJQLILFDQWO\ UHGXFHG IRU WKH
LQVHFWLFLGH WUHDWPHQWV F    GI    P 
  IRU WKH FRQWURO YHUVXV  DQG
 IRU WKH ƪF\KDORWKULQ DQG FDUERIXUDQ SORWV





Dry wt. of seed /
flower (gm)
Dry wt. of 100
seeds (gm)
Seed wt / cm2
flower (mg)




&RQWURO D D D D D
ƪF\KDORWKULQ D D D D D
&DUERIXUDQ D D D D D
F      
2005
&RQWURO D E D D D
ƪF\KDORWKULQ DE E DE D D
&DUERIXUDQ D D D D D
7KLRSKDQDWHPHWK\O E D E E D






9HU\ IHZ SODQWV KDG ORGJHG DV D UHVXOW RI JLUGOLQJ
LQ WKH FRQIHFWLRQ ILHOG E\ GDWH RI KDUYHVW  SODQWV
LQ FRQWURO SORWV  SODQWV LQ ƪF\KDORWKULQ DQG
FDUERIXUDQ SORWV DQG  SODQWV LQ
WKLRSKDQDWHPHWK\O SORWV ([DPLQDWLRQ RI SODQWV
XVHG IRU VWDON EUHDNDJH PHDVXUHPHQWV UHYHDOHG
WKDW    DQG  RI SODQWV ZHUH
JLUGOHG E\ D. texanus LQ FRQWURO ƪF\KDORWKULQ
FDUERIXUDQ DQG WKLRSKDQDWH PHWK\O SORWV
UHVSHFWLYHO\ EXW WKHVH GLIIHUHQFHV ZHUH QRW




$OWKRXJK ERWK LQVHFWLFLGH WUHDWPHQWV DSSHDUHG
HIIHFWLYH LQ FRQWUROOLQJ LQIHVWDWLRQ E\ VXQIORZHU
VWHP ZHHYLO WXPEOLQJ IORZHU EHHWOH DQG URRW
PRWK QHLWKHU FRXOG EH FRQVLGHUHG DGHTXDWH IRU
FRQWURO RI D. texanus ƪF\KDORWKULQ KDV EHHQ
VKRZQ WR KDYH KLJK WR[LFLW\ WR D. texanus LQ WKH
ODERUDWRU\ .D]PDUHFN HW DO  EXW DGXOW
EHHWOHV DUH DFWLYH LQ WKH ILHOG IRU DQ H[WHQGHG
SHULRG LQ VXPPHU DQG PD\ KDYH ODLG HJJV LQ
SODQWV GXULQJ SHULRGV ZKHQ UHVLGXDO DFWLYLW\ RI WKH
PDWHULDO ZDV ORZ )DLOXUH RI DSSOLFDWLRQ WLPLQJ WR
FRUUHVSRQG DGHTXDWHO\ ZLWK IHPDOH D. texanus
DFWLYLW\ LV WKH PRVW OLNHO\ H[SODQDWLRQ IRU WKH
IDLOXUH RI ƪF\KDORWKULQ WR UHGXFH UDWHV RI ODUYDO
LQIHVWDWLRQ LQ RLOVHHG SODQWV LQ  DQG LQ
FRQIHFWLRQ SODQWV LQ HLWKHU \HDU DOWKRXJK ZK\ WKLV
WUHDWPHQW DSSHDUHG WR LQFUHDVH LQIHVWDWLRQ LQ
FRQIHFWLRQ SODQWV LQ  LV GLIILFXOW WR VXUPLVH
&DPSEHOO DQG YDQ 'X\Q  WHVWHG YDULRXV
LQVHFWLFLGHV DQG DSSOLFDWLRQ WHFKQLTXHV DJDLQVW D.
texanus LQ VR\EHDQV DQG FRQFOXGHG WKDW WKHLU
WUHDWPHQWV ZHUH LQHIIHFWLYH DJDLQVW ODUYDH DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKDW QXPHURXV FDUHIXOO\ WLPHG DSSOLFDWLRQV
ZRXOGEHQHFHVVDU\WRFRQWURODGXOWV
7KH FDUERIXUDQ WUHDWPHQW WDUJHWHG ODUYDH ZLWKLQ
SODQWV DQG ZDV DSSOLHG DV D VRLO GUHQFK WR REWDLQ
JRRG V\VWHPLF DFWLYLW\ ,W PD\ EH WKDW IDLOXUH RI
WKLV PDWHULDO WR SURYLGH DGHTXDWH FRQWURO RI D.
texanus LV SDUWLDOO\ GHULYHG IURP WKH ODUYD¶V
SURSHQVLW\ WR FRQILQH LWV IHHGLQJ WR WKH FHQWUDO
SLWK FRUH RI WKH SODQW DYRLGLQJ FRQGXFWLYH WLVVXHV
WKDW ZRXOG SUHVXPDEO\ FRQWDLQ PRVW RI WKH
LQVHFWLFLGH 5RJHUV  QRWHG WKDW V\VWHPLF
LQVHFWLFLGHV ZHUH LQHIIHFWLYH LQ FRQWUROOLQJ D.
texanus ODUYDH LQ HLWKHU VR\EHDQ RU VXQIORZHU
7KH WZRIROG UHGXFWLRQ LQ VWDON FLUFXPIHUHQFH LQ
RLOVHHG SODQWV LQ  UHODWLYH WR  PD\ KDYH
EURXJKW PRUH ODUYDH LQWR FRQWDFW ZLWK FRQGXFWLYH
HOHPHQWV RI WKH VWDON DQG UHVXOWHG LQ EHWWHU
FRQWURO LQ WKH IRUPHU \HDU 6RPH RI WKH GLIIHUHQFHV
REVHUYHG LQ LQVHFWLFLGH HIILFDF\ EHWZHHQ WKH WZR
\HDUV PD\ DOVR KDYH UHVXOWHG IURP GLIIHUHQFHV LQ
HQYLURQPHQWDO FRQGLWLRQV 7KH KLJKHU VXPPHU
UDLQIDOO RI  FRPSDUHG WR  ZRXOG EH
H[SHFWHG WR UHVXOW LQ PRUH UDSLG ZHDWKHULQJ RI
ƪF\KDORWKULQ UHVLGXHV RQ IROLDJH DQG SHUKDSV
LPSURYH SODQW XSWDNH RI WKH FDUERIXUDQ VRLO
GUHQFKHV +RZHYHU VXFK HIIHFWV GR QRW DSSHDU
LPSOLFDWHG LQ OHYHOV RI D. texanus FRQWURO EHFDXVH
ƪF\KDORWKULQ ZDV JHQHUDOO\ OHVV HIIHFWLYH LQ 
ZKHUHDVWKHUHYHUVHZDVWUXHIRUFDUERIXUDQ
Impact of D. texanus on sunflower yields
:KHQ WUHDWPHQWV ZHUH SRROHG DQG DOO SODQWV ZLWK
FHUDPE\FLG ODUYDH ZHUH FRPSDUHG WR WKRVH
ZLWKRXW WKHUH ZDV QR HIIHFW RI D. texanus ODUYDO
ERULQJ RQ DQ\ FRPSRQHQW RI \LHOG 7DEOHV  DQG 
H[FHSW LQ FRQIHFWLRQ SODQWV LQ  ZKHQ SODQWV
ZLWK ODUYDH KDG UHGXFHG VHHG ZHLJKWV FRPSDUHG
WR WKRVH XQLQIHVWHG +RZHYHU WKH PDJQLWXGH RI
WKH GLIIHUHQFH ZDV VPDOO  JP DQG WKH
RSSRVLWH WUHQG DOWKRXJK QRQVLJQLILFDQW ZDV
HYLGHQW LQ  VXJJHVWLQJ YDULDWLRQ GXH WR
FKDQFHHIIHFWV
7KHUH DUH YDULRXV SRVVLEOH H[SODQDWLRQV IRU ZK\
UDWH RI D. texanus LQIHVWDWLRQ ZDV ORZHU LQ RLOVHHG
SODQWV LQ  WKDQ LQ  ZKLOH WKLV ZDV QRW WKH
FDVH LQ FRQIHFWLRQ SODQWV ,I WKH SHDN SHULRG RI
IHPDOH RYLSRVLWLRQ RFFXUUHG ODWHU LQ  IHPDOHV
PD\ KDYH RYLSRVLWHG PRUH HJJV LQ WKH
ODWHUSODQWHG RLOVHHG FXOWLYDU UHODWLYH WR WKH
FRQIHFWLRQ FXOWLYDU LQ UHVSRQVH WR WKHLU HDUOLHU
VWDJH RI GHYHORSPHQW +RZHYHU LW LV DOVR SRVVLEOH
WKDW WKH VPDOO VWDONV RI RLOVHHG SODQWV LQ 
UHGXFHG WKHLU DFFHSWDELOW\ IRU RYLSRVLWLRQ E\ D.
texanus IHPDOHV
Components of yield
%RWK LQVHFWLFLGH WUHDWPHQWV LQFUHDVHG WKH VHHG
\LHOG RI RLOVHHG SODQWV LQ  DOWKRXJK QHLWKHU
GLG VR LQ  ,QWHUHVWLQJO\ WKH PHFKDQLVPV RI
\LHOG LQFUHDVH LQ  DSSHDUHG VOLJKWO\ GLIIHUHQW
IRU WKH WZR PDWHULDOV WHVWHG WKH ƪF\KDORWKULQ
WUHDWPHQW UHVXOWHG LQ ODUJHU IORZHUV WKDQ FRQWURO
SODQWV ZKHUHDV WKH FDUERIXUDQ WUHDWPHQW UHVXOWHG
LQ IORZHUV WKDW ZHUH PRUH SURGXFWLYH SHU XQLW DUHD
RI KHDG 7DEOH  %RWK LQVHFWLFLGH WUHDWPHQWV
LQFUHDVHG VWDON JLUWK *LYHQ WKH DEVHQFH RI
VWDONIHHGLQJ LQVHFWV LQ FRQWURO SODQWV DSDUW IURP
D. texanus LW VHHPV OLNHO\ WKDW LQVHFWV IHHGLQJ RQ
RWKHU SODQW SDUWV ZHUH LPSOLFDWHG LQ WKH REVHUYHG
\LHOG ORVVHV $OWKRXJK WKH IROLDU ƪF\KDORWKULQ
WUHDWPHQW ZRXOG SUHVXPDEO\ EH OLPLWHG WR
LPSDFWV RQ IROLDJHIHHGLQJ LQVHFWV WKH FDUERIXUDQ
VRLO GUHQFKHV ZRXOG SUHVXPDEO\ DIIHFW URRW VWHP
DQG IROLDJH LQVHFWV WR VRPH GHJUHH 7KXV
GHIROLDWLRQ PLJKW SULPDULO\ LPSDFW IORZHU VL]H
ZKHUHDV URRW DQG VWHP IHHGLQJ PLJKW KDYH PRUH
LPSDFWRQIORZHUSURGXFWLYLW\LQWHUPVRIVHHGILOO
$OWKRXJK QR SDUWLFXODU IROLYRURXV LQVHFW ZDV
REVHUYHG LQ QXPEHUV DSSURDFKLQJ DQ HFRQRPLF
LQMXU\ OHYHO LQ  D FRPSOH[ RI ODUYDO
/HSLGRSWHUD ZHUH REVHUYHG GHIROLDWLQJ SODQWV DQG
PD\ KDYH FROOHFWLYHO\ EHHQ UHVSRQVLEOH IRU
UHGXFLQJ WKH PHDQ VWDON FLUFXPIHUHQFH IORZHU
GLDPHWHU DQG VHHG ZHLJKW RI FRQWURO RLOVHHG
SODQWV 7KH SULPDU\ VSHFLHV REVHUYHG LQFOXGHG
Estigmene acrea 'UXU\ /HSLGRSWHUD $UFWLLGDH
DQG Vanessa cardui / /HSLGRSWHUD
1\PSKDOLGDH 0XPD HW DO  IRXQG YDULDEOH
HIIHFWV RI IROLDU LQVHFWLFLGH WUHDWPHQW RQ VXQIORZHU
\LHOGV LQ 1HEUDVND WKDW WKH\ DWWULEXWHG WR
GLIIHUHQWLDO LPSDFWV RQ OHSLGRSWHURXV ODUYDH DQG
WKHLU QDWXUDO HQHPLHV LQ GLIIHUHQW \HDUV +RZHYHU
RQO\ WKH ƪF\KDORWKULQ WUHDWPHQW ZRXOG KDYH
LPSDFWHG EHQHILFLDO LQVHFWV DFWLYH RQ VXQIORZHU
IROLDJH DV WKH FDUERIXUDQ ZDV DSSOLHG DV D VRLO
GUHQFK
,W LV QRWDEOH WKDW WKH VHHG ZHLJKW RI RLOVHHG
VXQIORZHUV ZDV  KLJKHU LQ  UHODWLYH WR
 ZKHUHDV LW ZDV RQO\  KLJKHU IRU
FRQIHFWLRQ VXQIORZHUV LQ  ZKLFK ZDV D
VXSHULRU JURZLQJ VHDVRQ +RZHYHU LW LV GLIILFXOW WR
XQGHUVWDQG WKLV FRQWUDVW EHFDXVH RI WKH ZLQG
GDPDJH WR FRQIHFWLRQ SODQWV GXULQJ VHHG
PDWXUDWLRQ LQ  DQG EHFDXVH YDULDELOLW\ LQ
VWDQG HVWDEOLVKPHQW EHWZHHQ WKH WZR K\EULGV LQ
ERWK \HDUV SUREDEO\ KDG VLJQLILFDQW HIIHFWV RQ
SODQW VL]H 6LQFH WKH WKLRSKDQDWH PHWK\O
WUHDWPHQW SURGXFHG WKH KLJKHVW VHHG \LHOG LQ
FRQIHFWLRQ IORZHUV LQ  LW LV SRVVLEOH WKDW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VWDON DQG URRWLQIHFWLQJ IXQJL ZHUH PRUH OLPLWLQJ
WR \LHOG WKDQ ZHUH LQVHFWV LQ WKDW SDUWLFXODU ILHOG
DQG \HDU +RZHYHU WKH HIIHFWLYHQHVV RI ERWK
LQVHFWLFLGH WUHDWPHQWV LQ LQFUHDVLQJ WKH \LHOG RI
RLOVHHG SODQWV LQ  VXJJHVWV WKDW KHUELYRURXV
LQVHFWV RWKHU WKDQ D. texanus ZHUH OLPLWLQJ WR
\LHOG LQ WKDW SDUWLFXODU \HDU 7KH ODFN RI VXFK
WUHDWPHQW HIIHFWV LQ  LV FRQVLVWHQW ZLWK
IDFWRUV RWKHU WKDQ KHUELYRU\ PRVW OLNHO\ VRLO
PRLVWXUH EHLQJ PRUH OLPLWLQJ WR \LHOG 7KH
UHGXFHG \LHOGV RI ƪF\KDORWKULQWUHDWHG RLOVHHG
SODQWV UHODWLYH WR FRQWUROV LQ  LV GLIILFXOW WR
H[SODLQ EXW PD\ UHIOHFW D FKDQFH HIIHFW RI WKHVH
WUHDWPHQW SORWV EHLQJ ORFDWHG LQ OHVV SURGXFWLYH
SDUWV RI WKH ILHOG 6RPH EUDFW QHFURVLV LQGXFHG E\
KHDW VFRUFK ZDV REVHUYHG RQ RLOVHHG IORZHUV LQ
 DQG WKLV GDPDJH LPSHGHG WKH GHYHORSPHQW
RI VRPH IORZHUV SDUWLFXODUO\ LQ WZR ƪF\KDORWKULQ
SORWV
5HOLDEOH \LHOG GDWD IRU FRQIHFWLRQ SODQWV ZDV
REWDLQHG RQO\ LQ  DQG WKH ƪF\KDORWKULQ
WUHDWPHQW SURGXFHG WKH EHVW FRPELQDWLRQ RI VHHG
ZHLJKW DQG VHHG VL]H DJDLQ VXJJHVWLQJ WKH
SRWHQWLDO EHQHILWV RI SURWHFWLQJ IROLDJH 7KH
SRVLWLYH FRUUHODWLRQ EHWZHHQ QXPEHUV RI C.
adspersus ODUYDH DQG WRWDO ZHLJKW RI VHHG IURP
FRQWURO FRQIHFWLRQ SODQWV SUREDEO\ UHIOHFWV WKH
WHQGHQF\ RI ELJJHU VWDONV WR KDUERU ODUJHU
QXPEHUV RI ODUYDH DQG FOHDUO\ LQGLFDWHV WKDW D
PHDQ RI  ODUYDH SHU VWDON LV ZHOO EHORZ DQ
HFRQRPLF LPSDFW WKUHVKROG IRU WKLV SHVW 7KH
FRQVLVWHQW SRVLWLYH UHODWLRQVKLS EHWZHHQ EDVDO
VWDON FLUFXPIHUHQFH DQG IORZHU GLDPHWHU VXJJHVWV
WKDW ZLGHU SODQW VSDFLQJ LV RQH WDFWLF IRU
LQFUHDVLQJ VWDON JLUWK DORQJ ZLWK IORZHU VL]H IRU
FRQIHFWLRQ YDULHWLHV ZKHUH VHHG VL]H LV DOVR
FRUUHODWHG ZLWK IORZHU GLDPHWHU +RZHYHU D
QHJDWLYH UHODWLRQVKLS EHWZHHQ IORZHU GLDPHWHU
DQG VHHG RLO FRQWHQW ZDV HYLGHQW LQ  ZKHQ
RLOVHHG IORZHUV UDQJHG EHWZHHQ  DQG  FP LQ
GLDPHWHU FRQVLVWHQW ZLWK WKH LQIHUHQFH WKDW VXFK
ODUJH IORZHUV DUH QRW GHVLUDEOH IRU RLO SURGXFWLRQ
0HDQ VHHG RLO FRQWHQW ZDV  KLJKHU LQ 
ZKHQ PRVW IORZHUV UDQJHG EHWZHHQ  DQG  FP
LQ GLDPHWHU DQG WKH QHJDWLYH FRUUHODWLRQ ZLWK
IORZHU GLDPHWHU GLVDSSHDUHG VXJJHVWLQJ WKDW WKLV
UHODWLRQVKLS PLJKW RQO\ EH D FRQFHUQ ZKHQ
IORZHUVEHFRPHODUJHUWKDQFP
Stalk breakage forces, lodging, and
girdling behavior
)XQJLFLGH WUHDWPHQW LQFUHDVHG WKH EUHDNDJH
IRUFHV RI XQJLUGOHG VWDONV VLJQLILFDQWO\ PRUH WKDQ
HLWKHU LQVHFWLFLGH WUHDWPHQW LQ WKH 
FRQIHFWLRQ SODQWV VXJJHVWLQJ WKDW IXQJL PD\ SOD\
DUROHLQVWDON GHWHULRUDWLRQDWFURSPDWXULW\WKDW
LV ZRUWK\ RI IXUWKHU LQYHVWLJDWLRQ 6LPLODUO\ WKH
JHQHUDOO\ KLJKHU VWDON EUHDNDJH IRUFHV REWDLQHG
IURP WKH FDUERIXUDQ WUHDWPHQWV FRPSDUHG WR WKH
ƪF\KDORWKULQ WUHDWPHQWV DUH OLNHO\ D IXQFWLRQ RI
WKH V\VWHPLF DFWLYLW\ RI WKH IRUPHU PDWHULDO LQ
GHOD\LQJ YDULRXV SURFHVVHV DVVRFLDWHG ZLWK VWDON
GHJUDGDWLRQ EXW GDWD IURP PXOWLSOH \HDUV ZRXOG
EHUHTXLUHGWRFRQILUPWKLV
*LUGOLQJ E\ D. texanus ODUYDH UHGXFHG VWDON
EUHDNDJH IRUFHV E\ ± +RZHYHU ODUYDH
DSSHDU SK\VLFDOO\ XQDEOH WR IXOO\ JLUGOH VXQIORZHU
VWDONV WKDW DUH JUHDWHU WKDQ  FP LQ GLDPHWHU
6LPLODUO\ :DSVKHUH  QRWHG WKDW ODUYDH RI
WKH FHUDPE\FLG Mecas saturnina /H&RQWH ZHUH
RQO\ DEOH WR SDUWLDOO\ JLUGOH FRFNOHEXU SODQWV ZLWK
VWHPV !  FP LQ GLDPHWHU &RQIHFWLRQ
VXQIORZHUV DUH SODQWHG DW ORZHU GHQVLWLHV WKDQ
RLOVHHG SODQWV ZLWK WKH JRDO RI REWDLQLQJ ODUJHU
KHDGV WKDW DV RXU GDWD FOHDUO\ VKRZ DUH QRW RQO\
DVVRFLDWHG ZLWK ODUJHU VHHGV WKH FULWHULRQ IRU
SUHPLXPV LQ FRQIHFWLRQ PDUNHWV EXW DOVR ZLWK
WKLFNHU VWDONV )DUPHUV VSHFLDOL]LQJ LQ WKH
SURGXFWLRQ RI FRQIHFWLRQ VXQIORZHUV XVXDOO\
PDQDJH WR DYRLG ORGJLQJ SUREOHPV VLPSO\ EHFDXVH
VWRXW FRQIHFWLRQ VWDONV DUH UREXVW HQRXJK WR
UHPDLQ VWDQGLQJ HYHQ ZKHQ JLUGOHG E\ D D.
texanus ODUYD 1RWH DOVR WKDW WKH VWDON EUHDNDJH
IRUFHV WHQGHG WR EH  KLJKHU IRU WKH FRQIHFWLRQ
K\EULG WKDQ IRU WKH RLOVHHG K\EULG DIWHU
DGMXVWPHQW IRU GLIIHUHQFHV LQ SODQW VL]H
VXJJHVWLQJ WKDW WKH IRUPHU ZHUH LQWULQVLFDOO\
VWURQJHU /RGJLQJ ORVVHV FDXVHG E\ D. texanus DUH
WKHUHIRUH D PRUH VHULRXV FRQFHUQ IRU IDUPHUV
JURZLQJ RLOVHHG FXOWLYDUV HVSHFLDOO\ ZKHQ WKH\
GHSHQG XSRQ UDLQ DV PRLVWXUH LV RIWHQ OLPLWLQJ
2LOVHHG VXQIORZHUV JURZQ DW KLJK GHQVLW\ XQGHU
GU\ FRQGLWLRQV QRW RQO\ KDYH VOHQGHU VWDONV WKDW
FDQ EH FRPSOHWHO\ JLUGOHG E\ D. texanus EXW WKHLU
VWDONV DOVR GU\ RXW TXLFNO\ DIWHU FURS PDWXULW\
OLNHO\ WULJJHULQJ HDUOLHU RQVHW RI WKH JLUGOLQJ
EHKDYLRU VHH EHORZ 5HGXFWLRQ RI SODQWLQJ
GHQVLW\ WR LQFUHDVH VWDON JLUWK LV RQH SRVVLEOH
WDFWLF IRU RLOVHHG IDUPHUV SURYLGHG IORZHU
GLDPHWHUKHDGGRHVQRWLQFUHDVHDERYHFP
,Q  D ODUJH SURSRUWLRQ RI XQWUHDWHG SODQWV LQ
WKH RLOVHHG ILHOG KDG ORGJHG E\ WLPH RI KDUYHVW
ZKHUHDV WKLV ZDV QRW WKH FDVH LQ XQWUHDWHG
FRQIHFWLRQ SODQWV GHVSLWH VLPLODU UDWHV RI D.
texanus LQIHVWDWLRQ $OWKRXJK WKH ODUJHU JLUWK RI
FRQIHFWLRQ VWDONV PD\ EH LPSOLFDWHG KHUH LW ZDV
DOVR DSSDUHQW WKDW IHZHU ODUYDH KDG FRPSOHWHG
JLUGOLQJ LQ WKH FRQIHFWLRQ K\EULG WKDQ LQ WKH
RLOVHHG K\EULG E\ GDWH RI KDUYHVW 7KHUH ZHUH DOVR
PDUNHG GLIIHUHQFHV DPRQJ WUHDWPHQWV LQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRPSOHWLRQ RI VWDON JLUGOLQJ E\ ODUYDH LQ WKH
RLOVHHG SODQWV LQ  DV ERWK LQVHFWLFLGH
WUHDWPHQWV DSSHDULQJ WR GHOD\ WKH EHKDYLRU 2QH
H[SODQDWLRQ FRQVLVWHQW ZLWK WKHVH REVHUYDWLRQV LV
WKDW JLUGOLQJ EHKDYLRU PD\ EH WULJJHUHG E\ VWDON
GHVLFFDWLRQ EHFDXVH WKLV GHWHUPLQHV WKH HQG RI LWV
VXLWDELOLW\ DV D IRRG VRXUFH :H KDYH RIWHQ UHDUHG
D. texanus ODUYDH RQ IUHVK VXQIORZHU VWDONV LQ WKH
ODERUDWRU\ EXW KDYH QHYHU PDQDJHG WR HOLFLW
IHHGLQJ RQ GU\ VWDON PDWHULDO ,Q FRQWUDVW ODUYDH
RI A. hubbardi GR QRW JLUGOH SODQWV DQG UHDGLO\
IHHG DQG JDLQ ZHLJKW ZKHQ SURYLGHG ZLWK
FRPSOHWHO\ GU\ VWDON SLWK $.* SHUVRQDO
REVHUYDWLRQ 7KH DEVHQFH RI ORGJLQJ LQ ERWK
FXOWLYDUV LQ  LV FRQVLVWHQW ZLWK WKH PRLVW
FRQGLWLRQV WKDW SUHYDLOHG XS XQWLO KDUYHVW LQ WKDW
\HDU 7KH RLOVHHG VWDONV LQ  VXIIHUHG
VXEVWDQWLDO ORGJLQJ EXW ZHUH FRQVLGHUDEO\ PRUH
VOHQGHU WKDQ FRQIHFWLRQ VWDONV DQG DOVR QRWDEO\
PRUH GU\ DQG EULWWOH DW WLPH RI KDUYHVW %RWK ODUJH
SODQW VL]H DQG SHVWLFLGH WUHDWPHQW PLJKW GHOD\
VWDON GHVLFFDWLRQ DQG WKLV HIIHFW FRXOG H[SODLQ WKH
REVHUYHG GHOD\V LQ JLUGOLQJ EHKDYLRU LQ FRQIHFWLRQ
SODQWV UHODWLYH WR RLOVHHG SODQWV DQG LQ SHVWLFLGH
WUHDWPHQWV UHODWLYH WR FRQWUROV 6LPLODUO\
5LFKDUGVRQ  FRQFOXGHG WKDW GHVLFFDWLRQ RI
SLWK ZLWKLQ VWHPV UHSUHVHQWHG WKH HQG RI D
VXLWDEOH IRRG VXSSO\ DQG ZDV D OLNHO\ WULJJHU IRU D.
texanus JLUGOLQJ EHKDYLRU LQ VR\EHDQV $QHFGRWDO
VXSSRUW IRU WKLV LQWHUSUHWDWLRQ LV SURYLGHG E\
REVHUYDWLRQV RI FRPPHUFLDO ILHOGV ZKHUH
QRQLUULJDWHG UHJLRQV DQG GU\ VSRWV W\SLFDOO\
H[KLELW ORGJLQJ PXFK HDUOLHU WKDQ PRLVW RU
LUULJDWHG SRUWLRQV GHVSLWH VLPLODU UDWHV RI ODUYDO
LQIHVWDWLRQ
*LYHQ WKDW ODUYDO ERULQJ E\ D. texanus ODUYDH KDV
QR PHDVXUDEOH LPSDFW RQ \LHOG IXUWKHU UHVHDUFK
GLUHFWHG DW PLWLJDWLQJ ORVVHV WR WKLV SHVW VKRXOG
IRFXV RQ IDFWRUV WULJJHULQJ WKH JLUGOLQJ EHKDYLRU
DQG SRVVLEOH PHDQV RI GHOD\LQJ RU RWKHUZLVH
PDQLSXODWLQJ WKLV EHKDYLRU 3RVVLELOLWLHV IRU
IXUWKHU LQYHVWLJDWLRQ LQFOXGH V\VWHPLF PDWHULDOV
WKDW GHOD\ VWDON GHWHULRUDWLRQ GHVVLFDQWV WKDW
DFFHOHUDWH GU\LQJ RI IORZHU KHDGV UHODWLYH WR VWDONV
RU WKH GHYHORSPHQW RI FXOWLYDUV ZLWK µVWD\JUHHQ¶
VWDONV 7KH FRPPRQ REMHFWLYH RI WKHVH DSSURDFKHV
ZRXOG EH WR GHOD\ WKH RQVHW RI JLUGOLQJ EHKDYLRU
E\ D. texanus ODUYDH XQWLO ZHOO DIWHU VHHG KDV GULHG
GRZQWRKDUYHVWDEOHOHYHOV
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